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(54) Light scattering film and liquid crystal display device 

(57) The present invention provides a light scatter- 
ing film (1-1 , 1-2, 1-3), including a plurality of first trans- 
parent regions (2) each having a fibril-like cross section, 
and a plurality of second transparent regions (3) differ- 
ing in refractive index range from the first transparent 
region (2), wherein each of the first transparent regions 

(2) is positioned to permit the long axis of the fibrii-like 
cross section to cross one main surface of the film (1 -1 , 
1-2, 1-3) and to permit each of the fibril-like cross sec- 
tions of the first transparent regions (2) to be sand- 
wiched between adjacent second transparent regions 

(3) in a direction of the short axis of the fibril-like cross 
section. The present invention also provides a liquid 
crystal display device (50-1, 50-2, 50-3), having a liquid 
crystal panel (53, 51-2) and a light scattering film (1-1, 
1-3) formed on one main surface of the liquid crystal 
panel (53,51-2). 
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Description 

[0001 ] The present invention relates to a light scatter- 
ing film, and a liquid crystal display device having a light 
scattering film. In the present invention, the terms "scat- 
tering" and "diffusion" are used with no distinction as 
long as they are used in relation to optics. 
[0002] A light scattering film is used in a liquid crystal 
display device in order to achieve a wide viewing angle 
or to achieve display of a uniform brightness over the 
entire screen. In a reflection type liquid crystal display 
device, such a light scattering film is pasted to a display 
surface of a liquid crystal panel. 
[0003] It was customary in the past to use a light scat- 
tering film prepared by roughening the surface of a pol- 
ymer film. Such a light scattering film is prepared by 
applying a physical processing such as a sand blasting 
treatment to the surface of a polymer film or by a chem- 
ical treatment using an acidic or basic solution. 
[0004] The light scattering film permits all the incident 
light to be diffused without relying on the incident angle, 
the incident direction or the incidence plane. Therefore, 
where such a light scattering film is used in a reflection 
type liquid crystal display device utilizing the solar light 
or external illumination as a light source, the light scat- 
tering takes place both at the time when the light emit- 
ted from the light source is incident on the liquid crystal 
panel and at the time when the light modulated by the 
liquid crystal layer became reflected and emerges out of 
the liquid crystal panel. As a result, a double image is 
observed, or the image is blurred. In other words, the 
displayed image is made unclear or the contrast is low- 
ered. 

[0005] Since the light scattering film diffuses the inci- 
dent light isotropically, a wide viewing angle can be 
obtained. However, the viewing angle and the bright- 
ness of display bears a trade-off relationship. Specifi- 
cally, it is difficult to achieve a bright display by using the 
light scattering film. 

[0006] In general, it suffices for the liquid crystal dis- 
play device used in a portable telephone or PDA to have 
a viewing angle permitting a single user to recognize the 
displayed image. In other words, the viewing angle in a 
horizontal direction need not be unduly large in the liq- 
uid crystal display device used in these instruments. 
Since these instruments are used at a height of the eye 
Qr disposed on the lap the viewing an n !e should desira- 
bly be large in a vertical direction. By contraries, in a liq- 
uid crystal television, etc., the viewing angle of the liquid 
crystal display device need not be large in a vertical 
direction and should desirably be large in a horizontal 
direction. 

[0007] As describe above, the required direction of a 
large viewing angle differs depending on the use of the 
liquid crystal display device. Therefore, a sufficient 
brightness of display and a large viewing angle can be 
obtained simultaneously by increasing the viewing 
angle in a required direction alone. It follows that the 



light scattering film used in a liquid crystal display 
device is required to scatter light anisotropically. 
[0008] It is known to the art that a polymer film having 
light diffusing fine particles dispersed therein can be 

5 used as a light scattering film. In order to realize the 
above-noted light scattering characteristics in the light 
scattering film, various efforts are being made in an 
attempt to control the refractive index, size, shape, etc. 
of the light diffusing fine particles. However, it is techni- 

io cally difficult to realize the particular light scattering 
characteristics by the method referred to above. Even if 
realized, the light scattering characteristics are not sat- 
isfactory enough to put the light scattering film to practi- 
cal use. 

15 [0009] For example, Japanese Patent Disclosure 
(Kokai) No. 8-201802 discloses a light scattering plate 
which permits transmitting the light incident on one 
main surface while suppressing the light scattering sub- 
stantially completely and also permits selectively scat- 

20 tering the light incident on the other main surface. 
However, this prior art simply teaches that the light scat- 
tering plate is obtained by solidifying transparent fine 
particles with a transparent polymerizable high molecu- 
lar compound, failing to teach the specific construction 

25 of the light scattering plate. It is considered reasonable 
to understand that the light scattering plate disclosed in 
JP '802 is equal in construction to the known polymer 
film having fine light diffusing particles dispersed 
therein, and therefore, the light scattering characteris- 

30 tics above cannot be obtained. 

[0010] Japanese Patent Disclosure No. 9-152602 dis- 
closes a liquid crystal display device using a hologram. 
The device disclosed in this prior art is a transmitting 
type liquid crystal display device having a back light as 

35 a light source arranged behind a liquid crystal panel. In 
this device, a light scattering plate is arranged between 
the liquid crystal panel and the back light, and a holo- 
gram is arranged on the front face of the liquid crystal 
panel. The hologram thus arranged permits anisotropi- 

40 cally diffusing the light. In the case of using a hologram, 
however, the light is unavoidably dispersed to exhibit the 
spectral colors, with the result that the color of the dis- 
played image differs depending on the viewing point. 
[001 1 ] An object of the present invention is to provide 

45 a light scattering film which permits displaying a clear 
image when used in a liquid crystal display device and a 
liquid crystal display device using the particular light 
scattering film. 

[0012] Another object is to provide a light scattering 
so film which permits realizing a sufficiently large viewing 
angle and also permits a bright display when used in a 
liquid crystal display device and a liquid crystal display 
device using the particular light scattering film. 
[0013] Still another object of the present invention is 
55 to provide a light scattering film which permits prevent- 
ing the color of the displayed image from being changed 
in accordance with movement of the viewing point and a 
liquid crystal display device using the particular light 
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scattering film. 

[0014] According to an aspect of the present inven- 
tion, there is provided a light scattering film, comprising 
a plurality of first transparent regions each having a 
fibril-tike cross section, and a plurality of second trans- 
parent regions differing in refractive index range from 
the first transparent region, wherein each of the first 
transparent regions is positioned to permit the long axis 
of the fibril-like cross section to cross one main surface 
of the film and to permit each of the fibril-like cross sec- 
tions of the first transparent regions to be sandwiched 
between adjacent second transparent regions in a 
direction of the short axis of the fibril-like cross section. 
[0015] According to another aspect of the present 
invention, there is provided a liquid crystal display 
device, comprising a liquid crystal panel, and a light 
scattering film mounted on one main surface of the liq- 
uid crystal panel, wherein the light scattering film 
includes a plurality of first transparent regions each hav- 
ing a fibril-like cross section, and a plurality of second 
transparent regions differing in refractive index range 
from the first transparent region, and wherein each of 
the first transparent regions is positioned to permit the 
long axis of the fibril-like cross section to cross one main 
surface of the film and to permit each of the fibril-like 
cross sections of the first transparent regions to be 
sandwiched between adjacent second transparent 
regions in a direction of the short axis of the fibril-like 
cross section. 

[0016] The light scattering film of the present invention 
comprises a plurality of first transparent regions each 
having a fibril-like cross section and a plurality of sec- 
ond transparent regions each interposed between adja- 
cent first transparent regions. The first transparent 
region and the second transparent region differ from 
each other in refractive index range. It follows that, 
where each of the fibril-like cross sections of the first 
transparent regions has a width narrow enough to dif- 
fuse the light incident in a direction nearly parallel to the 
long axis of the fibril-like cross section, the light scatter- 
ing film of the present invention permits the light incident 
in a direction of the long axis of the fibril-like cross sec- 
tion of the first transparent region to be scattered and 
also permits the light incident in a direction of the short 
axis of the fibril-like cross section to be transmitted with- 
out being scattered. In other words, the light scattering 
fijry, 0 f the present invention exhibits various light scat- 
tering characteristics dependent on the incident direc- 
tion of the light. 

[0017] Where the light scattering film of the present 
invention is used in a reflection type liquid crystal dis- 
play device, the light emitted from a light source such as 
the sun or an external illumination is scattered when the 
light is incident on the liquid crystal panel, and the light 
emerging out of the liquid crystal panel toward the 
observer is transmitted without being scattered. It fol- 
lows that a reflection type liquid crystal display device 
using the light scattering film of the present invention 



permits displaying a clear image. 
[0018] Where the light scattering film of the present 
invention is used in a transmitting type liquid crystal dis- 
play device, the effective light for the display can be 

5 selectively scattered, leading to a high display contrast. 
[0019] Further, where the light scattering film of the 
present invention is used in a transmitting type liquid 
crystal display device, the light emitted from a light 
source such as a back light is partly scattered, with the 

10 remainder being transmitted without being scattered or 
being subjected to total reflection. Where the light scat- 
tering film is designed to allow almost all the light com- 
ponents effective for the display to be scattered, it is 
substantially impossible for the transmitted light that is 

is not scattered to be perceived by the observer. On the 
other hand, the light reflected in a manner of total reflec- 
tion, which is not scattered, is utilized again for the dis- 
play so as to suppress the loss of light, making it 
possible to achieve a bright display. Incidentally, the light 

20 scattering film of the present invention may be arranged 
either between the liquid crystal panel and the back light 
or on the observer's side of the liquid crystal panel. 
[0020] In the light scattering film of the present inven- 
tion, it is desirable for those portions of the first and sec- 

25 ond transparent regions which are exposed to a main 
surface of the film to have a shape elongated in sub- 
stantially one direction. In this case, it is possible to 
impart anisotropy to the light scattering direction. What 
should be noted is that, since the light diffusing direction 

30 can be controlled, it is possible to realize a large viewing 
angle and a sufficiently bright display simultaneously in 
the case of using the light scattering film of the present 
invention in a liquid crystal display device. 
[0021 ] The light scattering film of the present invention 

35 does not split light, and there is not color dispersion to 
produce a spectral distribution unlike the hologram, with 
the result that the color of the displayed image is not 
changed in accordance with the movement of the view- 
ing point. 

40 [0022] In the present invention, the long axes of the 
fibril-like cross sections of the first transparent regions 
are substantially parallel to each other. Each of the sec- 
ond transparent regions also has a fibril-like cross sec- 
tion. It is desirable for the long axis of the fibril-like cross 

45 section of each of the first transparent regions to be 
substantially parallel to the long axis of the fibril-like 
cross section of each of the second transparent regions. 
In this case, if the fibril-like cross section of each of the 
second transparent regions has a width narrow enough 

so to diffuse the light incident in a direction parallel to the 
long axis of the fibril-like cross section, each of the first 
and second transparent regions contributes to the scat- 
tering of light, leading to a high scattering performance. 
[0023] Each of the first and second transparent 

55 regions, which may be shaped in various fashions such 
as a needle-like shape, a columnar shape or a ramen- 
tum-like shape, are generally formed to have fibril-like 
shape. It is possible for each of the first and second 
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transparent regions to extend from one main surface to 
the other main surface of the light scattering film. It is 
also possible for at least a part of the first and second 
transparent regions to have a laminate structure lami- 
nated one upon the other along the long axis of the 
fibril-like cross section. Further, those portions of the 
first and second transparent regions which are exposed 
to one main surface of the light scattering film may be 
arranged as a speckle pattern. The particular construc- 
tion can be formed by utilizing, for example, a speckle 
pattern. 

[0024] Where the long axis of the fibril-like cross sec- 
tion of each of the first and second transparent regions 
is substantially perpendicular to one main surface of the 
light scattering film, the light scattering film of the 
present invention can be used effectively in a transmit- 
ting type liquid crystal display device. On the other 
hand, where the long axis of the fibril-like cross section 
of each of the first and second transparent regions is 
inclined relative to one main surface of the light scatter- 
ing film, the light scattering film of the present invention 
can be used effectively in a reflection type liquid crystal 
display device. 

[0025] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
features. 

[0026] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1A is a plan view schematically showing the 
light scattering film according to a first embodiment 
of the present invention; 

FIG. 1 B is a cross sectional view along the line 1 B- 
1B shown in FIG. 1A; 

FIG. 2A is a plan view schematically showing the 
light scattering film according to a second embodi- 
ment of the present invention; 
FIG. 2B is a cross sectional view along the line 2B- 
2B shown in FIG. 2A; 

FIG. 3 is a graph exemplifying the relationship 
between the light scattering performance and the 
incident angle in the light scattering film according 
to the first and second embodiments of the present 
invention; 

FIG. 4 A schematically shows a test method for test- 
ing the light scattering performance of the light 
scattering film shown in FIGS. 1 A and 1 B; 
FIG. 4B shows the distribution of the scattered light 
obtained by the test method shown in FIG. 4A; 
FIG. 5 schematically shows an apparatus used for 
manufacturing the light scattering film according to 
the first embodiment of the present invention; 
FIG. 6 schematically shows an apparatus used for 
manufacturing the light scattering film according to 
the second embodiment of the present invention; 
FIG. 7A is a plan view schematically showing the 



light scattering film according to a third embodiment 
of the present invention; 

FIG. 7B is a cross sectional view along the line 7B- 
7B shown in FIG. 7A; 

5 FIG. 8A is a plan view schematically showing the 

light scattering film according to a fourth embodi- 
ment of the present invention; 
FIG. 8B is a cross sectional view along the line SB- 
SB shown in FIG. 8A; 

w FIG. 9A is a plan view schematically showing the 
light scattering film according to a fifth embodiment 
of the present invention; 

FIG. 9B is a cross sectional view along the line SB- 
SB shown in FIG. SA; 
75 FIG. 10 schematically shows a liquid crystal display 
device according to a sixth embodiment of the 
present invention; 

FIG. 1 1 schematically shows a liquid crystal display 
device according to a seventh embodiment of the 
20 present invention; and 

FIG. 12 schematically shows a liquid crystal display 
device according to an eighth embodiment of the 
present invention. 

25 [0027] The present invention will now be described in 
detail with reference to the accompanying drawings. In 
the accompanying drawings, common members of the 
device are denoted by the same reference numerals so 
as to avoid an overlapping description. 

30 [0028] The light scattering film according to the first 
and second embodiments of the present invention will 
now be described. 

[0029] Specifically, FIG. 1A is a plan view schemati- 
cally showinq the light scattering film according to a first 

35 embodiment of the present invention. On the other 
hand, FIG. 1B is a cross sectional view along the line 
1 B-1B shown in FIG. 1 A. Each of reference numerals 4 
and 5 shown in FIG. 1B represents an incident light, 
with e denoting an angle made between a line 6 normal 

40 to a main surface of a light scattering film 1-1 and the 
incident light 4. 

[0030] As shown in FIG. 1 A, the light scattering film 1 - 
1 according to the first embodiment of the present 
invention is horizontally long sized. Also, the light scat- 
45 tering film 1-1 comprises transparent regions 2 and 
other transparent regions 3, as shown in FIGS. 1 A and 
IB. 

[0031] The transparent regions 2 and 3 differ from 
each other in refractive index range. These transparent 

so regions 2 and 3 extend irregular along the long side of 
the film 1-1, as shown in FIG. 1A. Also, each of these 
transparent regions 2 and 3 has a band-like cross sec- 
tional shape or a fibril-like cross sectional shape, and 
the fibril-like cross section is inclined relative to a main 

55 surface of the film 1-1, as shown in FIG. 1B. In other 
words, these transparent regions 2 and transparent 
regions 3 are both formed to have fibril-like shape, and 
the light scattering film 1-1 is of a laminate structure in 
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which the transparent regions 2 and 3 are alternately 
laminated obliquely one upon the other. 
[0032] In the light scattering film 1 -1 , each of the trans- 
parent regions 2 and 3 extend from the upper surface to 
reach the lower surface of the film 1 -1 . However, it is not 
absolutely necessary for these transparent regions 2 
and 3 to have such a shape. 

[0033] FIG. 2A is a plan view schematically showing a 
light scattering film 1-2 according to a second embodi- 
ment of the present invention, and FIG. 2B is a cross 
sectional view along the line 2B-2B shown in FIG. 2A. 
As shown in FIG. 2A, the light scattering film 1 -2 accord- 
ing to the second embodiment of the present invention 
is horizontally long sized. Also, the light scattering film 

1 -2 consists of transparent regions 2 and transparent 
regions 3, as shown in FIGS. 2A and 2B. 

[0034] The transparent regions 2 and the transparent 
regions 3 included in the light scattering film 1-2 differ 
from each other in refractive index range as in the light 
scattering film 1-1 described previously. These trans- 
parent regions 2 and 3 are shaped irregular in FIG. 2A 
as in FIG. 1 A. However, these transparent regions 2 and 
3 in FIG. 2A differ from those in FIG. 1 A in that these 
transparent regions extend along the short side of the 
film 1-2. Also, each of these transparent regions 2 and 3 
are shaped like a band in cross section as shown in 
FIG. 2B, and the fibril-like cross section of each of these 
transparent regions 2 and 3 is inclined relative to a main 
surface of the film 1-2. In short, these transparent 
regions 2 and transparent regions 3 are both formed to 
have fibril-like shape, and the light scattering film 1-2 is 
of a laminate structure in which the transparent regions 

2 and 3 are alternately laminated obliquely one upon the 
other, as in the film 1-1 of the first embodiment. 
[0035] The second embodiment differs from the first 
embodiment in that these transparent regions 2 and 3 
are alternately laminated one upon the other at least 
partly along the long axis of the fibril-like cross section, 
as shown in FIG. 2B. Also, the boundary between the 
transparent region 2 and the transparent region 3 in the 
light scattering film 1-2 is not so clear as in the light 
scattering film 1-1. 

[0036] The optical characteristics of these light scat- 
tering films 1-1 and 1-2 will now be described. First of 
all, let us describe the case where the upper surface of 
the light scattering film 1-1 or 1-2 is irradiated with the 
incident light 4 parallel to the long axis of the fibril-like 
cross section of each of the transparent regions 2 and 3, 
as shown in FIGS. 1B and 2B. If the length in the direc- 
tion of the short axis of the cross section of each of 
these transparent regions 2 and 3 is sufficient small, the 
incident light 4 brings about diffraction so as to be dif- 
fused. On the other hand, where the upper surface of 
the light scattering film 1-1 or 1-2 is irradiated with the 
incident light 5 nearly perpendicular to the long axis of 
the fibril-like cross section of the each of the transparent 
regions 2 and 3, the incident light 5 is scarcely diffused 
so as to be transmitted through the film 1-1 or 1-2. In 



short, each of these light scattering films 1-1 and 1-2 
exhibits various light scattering properties dependent 
on the incident angle of the incident light. 
[0037] FIG. 3 is a graph exemplifying a relationship 

s between the incident angle 6 of the incident light 4 and 
the light scattering properties of the light scattering films 
1-1 and 1-2. In the graph of FIG. 3, the incident angle 0 
of the incident light 4 incident on the light scattering film 
1 -1 or 1 -2 is plotted on the abscissa, with the haze value 

10 being plotted on the ordinate. As shown in the graph, a 
haze value of 80% or more can be obtained where the 
incident angle 0 is larger than about 0°. On the other 
hand, where the incident angle is smaller than about 0°, 
the haze value is smaller than 20%. As apparent from 

75 the graph of FIG. 3, each of the light scattering films 1 -1 
and 1-2 exhibits various light scattering properties 
dependent on the incident angle of the incident light. 
[0038] Incidentally, the light scattering film 1 -2 makes 
it possible to widen the range of the angle 0 within which 

20 the light scattering can be brought about, compared 
with the light scattering film 1-1. The reason for the par- 
ticular phenomenon is as follows. 
[0039] Specifically, the second embodiment differs 
from the first embodiment in that the transparent 

25 regions 2 and 3 in the second embodiment are alter- 
nately laminated one upon the other at least partially 
along the long axis of the fibril-like cross section, as 
described previously Also, the boundary between the 
transparent region 2 and the transparent region 3 in the 

30 light scattering film 1-2 is not so clear as in the light 
scattering film 1-1. Since the light scattering film 1-2 of 
the second embodiment has the particular construction, 
the light is scattered in a more complex fashion, com- 
pared with the light scattering film 1 -1 of the first embod- 

35 iment. As a result, the light scattering can be brought 
about in the light scattering film 1-2 of the second 
embodiment within a wide range of the angle 0, com- 
pared with the light scattering film 1 -1 of the first embod- 
iment. 

40 [0040] As described above, the scattering character- 
istics of the light scattering film depend on the shape, 
etc. of the transparent regions 2 and 3. It should also be 
noted that the angle 0 at which the greatest scattering 
can be obtained can be set at a desired value by con- 

45 trolling the angle made between the long axis of the 
fibril-like cross section of the transparent region 2 or 3 
and the normal line 6. It follows that the relationship 
between the incident angle 0 of the incident light beam 
4 and the scattering properties can be made optimum 

so by controlling the angle made between the long axis of 
the fibril-like cross section of the transparent region 2 or 
3 and the normal line 6 and the shapes of the transpar- 
ent regions 2 and 3. 

[0041] The light can be anisotropically scattered by 
55 the light scattering films 1-1 and 1-2. As described pre- 
viously, the transparent regions 2 and 3 of the light scat- 
tering film 1-1 extend along the long side of the film 1-1, 
as shown in FIG. 1 A, with the result that the light scat- 
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tering takes place more greatly in a direction of the short 
side than in a direction of the long side. On the other 
hand, the transparent regions 2 and 3 of the light scat- 
tering film 1-2 extend along the short side of the film 1- 
2, as shown in FIG. 2A, with the result that the light scat- 
tering takes place more greatly in a direction of the long 
side than in a direction of the short side. The reasons for 
the particular phenomena will now be described with 
reference to FIGS. 4A and 4B. 

[0042] Specifically, FIG. 4A schematically shows a 
test method for testing the light scattering properties of 
the light scattering film 1-1 shown in FIGS. 1A and IB, 
and FIG. 4B shows the distribution of the scattered light 
obtained by the film 1-1 . 

[0043] In FIG. 4A, the light scattering film 1-1 is 
arranged such that one of the long sides of the film 1-1 
forms the bottom side. If the light scattering film 1-1 is 
irradiated with an incident light 7 having a circular cross 
section perpendicular to the optical axis, the light 7 is 
scattered by the light scattering film 1-1 so as to form 
scattered light beams 8. As described previously, the 
light is scattered by the light scattering film 1-1 more 
greatly in a direction of the short side than in a direction 
of the long side. As a result, the scattered light beams 8 
assume an elliptical shape elongated in a direction of 
the short side, as shown in FIGS. 4A and 4B. Inciden- 
tally, in the case of using the light scattering film 1-2 in 
place of the light scattering film 1-1, the scattered light 
beams 8 assume an elliptical shape elongated in a 
direction of the long side of the film 1-2. 
[0044] As described previously, the transparent region 
2 and the transparent region 3 differ from each other in 
refractive index range, with the result that the light scat- 
tering properties of the light scattering films 1 -1 and 1 -2 
are varied depending on the incident angle of the inci- 
dent light. Where the difference in average refractive 
index between the transparent region 2 and the trans- 
parent region 3 is small, the scattering properties are 
lowered, with the result that the difference in the light 
scattering properties dependent on the incident angle of 
the incident light beam is made unduly small in some 
cases. In such a case, a sufficient light scattering can be 
obtained by increasing the thickness of the film 1-1 or 1- 
2. On the other hand, where there is a large difference 
in average refractive index between the transparent 
regions 2 and 3, the light is scattered excessively, with 
the result that the light scattering takes place regardless 
of the incident angle of the incident light. In such a case, 
appropriate light scattering properties can be obtained 
by decreasing the thickness of the film 1 -1 or 1 -2. 
[0045] The angle made between the normal line 6 and 
the long axis of the fibril-like cross section of the trans- 
parent region 2 or 3 shown in FIGS. 1B and 2B is not 
particularly limited, as far as the angle is larger than 0° 
and smaller than 90°. The particular angle, which 
depends on the use of the light scattering film 1-1 or 1- 
2, should generally be 80° or less and 60° or less in 
many cases. 



[0046] In the light scattering film 1-1 or 1 -2, the differ- 
ence in average refractive index between the transpar- 
ent region 2 and the transparent region 3 should 
desirably fall within a range of between 0.001 and 0.2, 

5 and the thickness of the film 1-1 or 1 -2 should desirably 
fall within a range of between 1000 u.m and 1 
Where these conditions are satisfied, the light scatter- 
ing properties can be controlled appropriately depend- 
ing on the incident angle of the incident light. Where, for 

io example, the transparent region 2 has an average 
refractive index of 1.52, the transparent region 3 has an 
average refractive index of 1.56, and the film has a 
thickness of 20 fim, in the light scattering film 1-1 or 1-2, 
the light scattering properties can be changed appropri- 

75 ately in accordance with the incident angle of the light 
while obtaining sufficient light scattering properties. 
[0047] The light scattering properties of the light scat- 
tering film 1 -1 or 1 -2 are greatly affected by the diameter 
of the exposed portion of each of the transparent 

20 regions 2 and 3 or by the length of the short axis in the 
fibril-like cross section of each of the transparent 
regions 2 and 3. In general, the light scattering can be 
generated, if the length of the short axis in the fibril-like 
cross section of each of the transparent regions 2 and 3 

25 is 0.1 to 300 \im. Also, the average diameter of the 
exposed portions of the transparent regions 2 and 3 
should generally fall within a range of between 0.1 \im 
and 300 nm. For example, where the average diameter 
of the exposed portions of the transparent regions 2 or 

30 3 is 12 urn, the spreading of the scattered light can be 
set at about ±40°. 

[0048] The volume ratio of the transparent regions 2 
to the transparent regions 3 is not particularly limited in 
the light scattering film 1-1 or 1-2. Also, it is not abso- 

35 lutely necessary for the refractive index within the trans- 
parent region 2 or the transparent region 3 to be 
uniform. Some variation of the refractive index is 
acceptable. Further, it is not absolutely necessary for 
the boundary between the transparent region 2 and the 

40 transparent region 3 to be clearly defined. Where the 
refractive index within the transparent region 2 or 3 is 
nonuniform or where the boundary between the trans- 
parent region 2 and the transparent region 3 is unclear, 
the light is scattered in a more complex fashion. It fol- 

45 lows that the particular construction of the transparent 
regions 2 and 3 permit widening the range of the angle 
6 within which the light scattering can be brought about. 
Also, light reflection at the boundary between the trans- 
parent regions 2 and 3 may be decreased, and there- 

50 fore, losses of light toward the rear can be suppressed. 
[0049] In the light scattering film 1 -1 shown in FIG. 1 A, 
the exposed portions of the transparent regions 2 and 3 
extend along the long side of the film 1-1. However, 
these transparent regions 2 and 3 may be shaped oppo- 

55 sitely. For example, it is possible for the exposed por- 
tions of these transparent regions 2 and 3 to extend 
along the short side of the film 1 -1 . In this case, the light 
can be scattered in a greater amount along the long 
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side of the film 1 -1 than along the short side of the film 
1-1. Further, the exposed portions of the transparent 
regions 2 and 3 may be shaped, for example, circular. In 
this case, the light scattering properties can be varied 
depending on the incident angle of light, though the s 
transmitted light is diffused isotropically. 
[0050] In the light scattering film 1-1 shown in FIGS. 
1 A and 1 B, the long axis of the exposed portion of each 
of the transparent regions 2 and 3 make an angle of 90° 
with the direction of the fibril-like cross section of each io 
of these transparent regions 2 and 3. However, the 
angle noted above is not particularly limited in the 
present invention. In other words, the direction of the 
incident light in which the light is scattered and the dif- 
fusing direction of the transmitted light can be controlled is 
independently. 

[0051 ] The description given above also applied to the 
light scattering film 1-2. Specifically, in the light scatter- 
ing film 1-2 shown in FIG. 2A, the exposed portions of 
the transparent regions 2 and 3 extend along the short 20 
side of the film 1-2. However, these exposed portions 
may also be shaped oppositely. For example, it is possi- 
ble for these exposed portions of the transparent 
regions 2 and 3 to extend along the long side of the film 
as in the film 1-1 shown in FIG. 1A. In this case, the light 25 
can be scattered in a greater amount along the short 
side of the film 1 -2 than along the long side of the film 1 - 
2. Further, the exposed portions of the transparent 
regions 2 and 3 may be shaped, for example, circular. In 
this case, the light scattering properties can be varied 30 
depending on the incident angle of light, though the 
transmitted light is diffused isotropically. 
[0052] Also, in the light scattering film 1-2 shown in 
FIGS. 2A and 2B, the long axis of the exposed portion 
of each of the transparent regions 2 and 3 make an 35 
angle of 90° with the direction of the fibril-like cross sec- 
tion of each of these transparent regions 2 and 3. How- 
ever, the angle noted above is not particularly limited in 
the present invention. In other words, the direction of the 
incident light in which the light is scattered and the dif- 40 
fusing direction of the transmitted light can be controlled 
independently, as already described in conjunction with 
the light scattering film 1-1. 

[0053] The light scattering films 1 - 1 and 1 -2 described 
above can be prepared, for example, as follows. The 45 
method of preparing the light scattering film 1-1 will be 

d9£Cf ibed f jfs+ 

[0054] FIG. 5 schematically shows an apparatus for 
manufacturing the light scattering film 1-1 according to 
the first embodiment of the present invention. The man- so 
ufacturing apparatus shown in FIG. 5 comprises mainly 
a light source 11, an optical fiber 12, and a collimator 
13. The light such as a UV light, which is emitted from 
the light source 1 1 , is transmitted to the collimator 13 via 
the optical fiber 12. The UV light emitted from the light ss 
source 1 1 is converted by the collimator 13 into a paral- 
lel light 14. 

[0055] In manufacturing the light scattering film 1 -1 by 



using the apparatus shown in FIG. 5, a specially 
designed mask 17 is attached tight to a photosensitive 
film 18 in the first step. The photosensitive film 18 con- 
tains a photosensitive material. When the photosensi- 
tive film 18 is selectively irradiated with the UV light 
through the mask 17, a difference in refractive index is 
generated between the irradiated portion and the non- 
irradiated portion of the photosensitive film 18. It is 
desirable for the photosensitive material constituting the 
photosensitive film 1 8 to exhibit a high resolution. With 
increase in the resolution of the photosensitive material, 
the boundary between the transparent regions 2 and 3 
of the light scattering film 1-1 is made clear, making it 
possible to form the transparent regions 2 and 3 in 
desired shapes. However, it is possible for the resolution 
of the photosensitive material to be low. Where the pho- 
tosensitive material has a low resolution, the boundary 
between the transparent regions 2 and 3 of the light 
scattering film 1 -1 is made unclear, leading to the partic- 
ular effects described previously. 
[0056] The photosensitive film 18 or the photosensi- 
tive material used in the present invention includes, for 
example, photosensitive materials as those used for a 
volume type hologram such as "8E56 dry plate" (trade 
name of a silver salt photosensitive material for a holo- 
gram manufactured by Agpha Inc.), "HRF film" (trade 
name of a photosensitive material for a hologram man- 
ufactured by Du Pont, Inc.), dichromated gelatin, pho- 
topolymer, and "DMP-128" (trade name of a recording 
material manufactured by Polaroid Inc.). 
[0057] In general, the thickness of the photosensitive 
film 18 should be 1 fim to 100 On the other hand, 
the size of the photosensitive film 18 is not particularly 
limited and can be at, for example, about 5 inches x 4 
inches. 

[0058] The mask 1 7 consists of, for example, a trans- 
parent substrate 15 and a mask pattern 16 formed on 
the substrate 1 5. The mask pattern 1 6 can be formed by 
forming a metal chromium layer on the transparent sub- 
strate 15 made of glass, followed by patterning the 
metal chromium layer by employing a photolithography 
method and an etching method. Monochromatic pattern 
data obtained by a random number calculation using a 
computer are used for forming the mask pattern 16, 
which is a random pattern. The mask 17 can also be 
prepared by a photographic process using a photo lith- 
ographic plate, as known to the art. 
[0059] As shown in FIG. 5, the mask 17 attached to 
the photosensitive film 18 is arranged to face the colli- 
mator 17. In this case, an angle a made between a line 
normal to a main surface of the mask 17 and the optical 
axis of the parallel light 14 should be made equal to the 
angle made between the normal line 6 shown in FIG. 1 B 
and the long axis of the fibril-like cross section of the 
transparent region 2 or 3. 

[0060] After arrangement of the photosensitive film 1 8 
to permit the mask 17 to face the collimator 13, a UV 
light is emitted from the light source 1 1 . As a result, the 
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mask 17 is obliquely irradiated with the parallel light 
coming from the collimator 13 so as to expose the pho- 
tosensitive film 18 to light in a random pattern. Then, a 
developing treatment, a bleaching treatment, a water- 
wash treatment, a drying treatment, etc. are applied, as 
desired, to the photosensitive filming so as to obtain the 
light scattering film 1-1 shown in FIGS. 1 A and IB. For 
silver halide photo sensitive materials, a developing 
solution used in the manufacture of a hologram such as 
a CWC developing solution can be used for the develop- 
ing treatment. Also, a bleaching solution used in the 
manufacture of a hologram such as PBQ2 bleaching 
solution can be used for the bleaching treatment. 
[0061] The method of manufacturing the light scatter- 
ing film 1-2 will now be described. 
[0062] Specifically, FIG. 6 schematically shows an 
apparatus used for manufacturing the light scattering 
film 1-2 according to the second embodiment of the 
present invention. The manufacturing apparatus shown 
in FIG. 6 comprises mainly a laser beam source 21 , a 
beam expander 22, a collimator 23, and a ground glass 
plate 24. 

[0063] In manufacturing the light scattering film 1 -2 by 
using the apparatus shown in FIG. 6, the photosensitive 
film 18 is arranged first in parallel to the glass plate 24. 
In this step, the angle a made between a line normal to 
a main surface of the photosensitive film 1 8 and the 
optical axis of a parallel light 26 should be made equal 
to the angle made between the normal line 6 shown in 
FIG. 2B and the long axis of the fibril-like cross section 
of the transparent region 2 or 3. Also, the distance 
between the photosensitive film 18 and the glass plate 
24 is set at F. 

[0064] In the next step, a laser beam 25 is emitted 
from the laser beam source 21 . The laser beam source 
21 is formed of, for example, an argon ion laser. In the 
case of using an argon ion laser as the laser beam 
source 21, it is desirable to use as the laser beam 25 
any of a green light component having a wavelength of 
514.5 nm, a bluish green light component having a 
wavelength of 488 nm and a blue light component hav- 
ing a wavelength of 457.9 nm depending on the sensi- 
tivity, etc. of the photosensitive material constituting the 
photosensitive film 18. A light source other than the 
argon ion laser can also be used as the laser beam 
source 21 . For example, a laser beam source satisfac- 
tory in coherence such as a helium neon laser or a kryp- 
ton ion laser can also be used as the laser beam source 
21. 

[0065] The diameter of the laser beam 25 emitted 
from the light source 21 is expanded by the beam 
expander 22 and, then, converted into a parallel light by 
the collimator 23. The parallel light 26 is transmitted 
through the ground glass plate 24 so as to irradiate the 
photosensitive film 18. 

[0066] The parallel light 26 transmitted through the 
ground glass plate 25 forms a complex interference pat- 
tern called speckle pattern, which corresponds to the 



pattern consisting of the transparent regions 2 and 3 
shown in FIG. 2A, on the surface of the photosensitive 
film 18. In other words, the photosensitive film 18 is 
exposed to light forming a speckle pattern. Then, a 
5 developing treatment, a bleaching treatment, a water- 
wash treatment, and a drying treatment are applied, as 
desired, so as to obtain the light scattering film 1-2 
shown in FIGS. 2A and 2B. 

[0067] The speckle pattern is a spotted pattern of 
w brightness generated when light having a high coher- 
ence is subjected to an irregular reflection on or is trans- 
mitted through a rough surface. The speckle pattern is 
also formed by an irregular interference of light scat- 
tered by fine projections and depressions on a rough 
is surface. 

[0068] The speckle pattern is varied depending on the 
distance F between the ground glass plate 24 and the 
photosensitive film 1 8, with the result that the speckle 
pattern formed on the surface of the photosensitive film 

20 18 differs from that formed deep inside the photosensi- 
tive film 18. It follows that the transparent regions 2 and 
3 are laminated one upon the other in the direction of 
the long axis of the fibril-like cross section in the light 
scattering film 1 -2 thus formed, as shown in FIG. 2B. 

25 [0069] In the light scattering film 1-2 formed by the 
method described above, the average diameter d of the 
exposed portion of each of the transparent regions 2 
and 3 is dependent on the wavelength X of the laser 
beam 25, the average length D of the side of the ground 

30 glass plate 24 and the distance F between the ground 
glass plate 24 and the photosensitive film 1 8, and is rep- 
resented by an equation: 

d = 1 .2 X F/D. 

35 

[0070] On the other hand, an average length t in the 
direction of the long axis of the fibril-like cross section of 
each of the transparent regions 2 and 3 shown in FIG. 
2B is represented by an equation: 

40 

t = 4.0 X (F/D) 2 . 

[0071] It follows that the transparent regions 2 and 3 
can be controlled in a desired shape by setting appropri- 

45 ately the values of X and F/D. For example, where the 
wavelength X is 0.5 fim and F/D is 2, d is 1 .2 jmm and t is 
8 fim. In other words, the average diameter in the 
exposed portion of the transparent regions 2 and 3 is 
1 .2 jim. On the other hand, the average length in the 

so direction of the long axis of the fibril -I ike cross section of 
each of the transparent regions 2 and 3 is 8 nm. 
[0072] To reiterate, d and t obtained by the equations 
given above denote average values. Needless to say, 
the actual diameter in the exposed portion and the 

55 actual length in the direction of the long axis of the fibril- 
like cross section of each of the transparent regions 2 
and 3 are not uniform. 

[0073] In the method described above, the size of the 
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ground glass plate 24 falls within a range of between, for 
example, 1 mm x 1 mm and 500 mm x 500 mm. The 
light scattering properties of the ground glass plate 24 
also give influences to the size, etc. of the transparent 
regions 2 and 3. In general, the ground glass plate 24 is 
formed of a ground glass of No. 10 to No. 10,000. Also, 
the distance F is set to fall within a range of between 0 
and 1 m in the method described above. 
[0074] In the method described above, which utilizes 
a speckle pattern, the shapes of the transparent regions 
2 and 3 are affected by the shape of the ground glass 
plate 24. It is described on pages 266 to 268 of "Htkari 
Sokutei (Light Measurement) Handbook" edited by 
Toshiharu Tanaka, et al. and published by Asakura Sho- 
ten (Book Store) on November 25, 1994, that, in a 
speckle pattern, in which the concentration and phase 
are distributed at random depending on the position, the 
average diameter of the pattern is inversely proportional 
to the angle at which the diffusion plate is observed from 
the photosensitive film. It follows that, where the hori- 
zontal length of the ground glass plate 24 is larger than 
the vertical length, those portions of the transparent 
regions 2 and 3 which are exposed to the main surface 
of the light scattering film 1-2 are elongated in the verti- 
cal direction. 

[0075] For example, where the distance F and the 
ground glass plate 24 shown in FIG. 6 meet the rela- 
tions F/D x = 2 and F/D y = 20 , where D x and Dy repre- 
sent the horizontal and vertical lengths, respectively, of 
the ground glass plate 24, and the wavelength X is 0.5 
^irn, the exposed portions of each of the transparent 
regions 2 and 3 has an average horizontal length d x of 
1 .2 jim and an average length in the vertical direction of 
12 |im. In other words, a ratio of the average horizontal 
length of the exposed portions of each of the transpar- 
ent regions 2 and 3 to the average vertical length of 
these exposed portions is 1 : 10. 
[0076] As described above, the shapes of the exposed 
portions of the transparent regions 2 and 3 can be con- 
trolled appropriately in accordance with the shape of the 
ground glass plate 24. It follows that it is possible for the 
ground glass plate 24 to have various shapes such as a 
rectangular, circular, oblong, or elliptical shape or be 
conform by an array of such shape. 
[0077] In the example described above, the apparatus 
shown in FIG. 6 was used for manufacturing the light 
scattering film 1-2. However, another apparatus can 
also be used for manufacturing the light scattering film 
1-2. For example, the laser beam 25 can be converted 
into a diffused light by using a spatial filter in place of 
converting the laser beam 25 into a parallel light by 
using the beam expander 22 and the collimator 23. In 
this case, an optical lens may be interposed between 
the ground glass plate 24 and the photosensitive film 
18. 

[0078] A third embodiment of the present invention will 
now be described. In each of the first and second 
embodiments, the long axis of the fibril-like cross sec- 



tion of each of the transparent regions 2 and 3 extend 
obliquely relative to the main surface of the light scatter- 
ing film 1-1 or 1-2. In the third embodiment, however, 
the long axis in the fibril-like cross section of each of the 

5 transparent regions 2 and 3 is perpendicular to the main 
surface of the light scattering film 1 -3. 
[0079] FIG. 7A is a plan view schematically showing 
the light scattering film 1-3 according to the third 
embodiment of the present invention. Also, FIG. 7B is a 

10 cross sectional view along the line 7B-7B shown in FIG. 
7A. As shown in FIG. 7A, the light scattering film 1-3 
according to the third embodiment of the present inven- 
tion is horizontally long sized. Also, the light scattering 
film 1-3 consists of transparent regions 2 and 3, as 

75 shown in FIGS. 7A and 7B. 

[0080] The transparent region 2 differs from the trans- 
parent region 3 in refractive index range. Also, each of 
the transparent regions 2 and 3 has a fibril-like cross 
section, and the cross section of each of these regions 

20 2 and 3 extend in a direction perpendicular to the main 
surface of the film 1 -3. In other words, these transparent 
regions 2 and 3 are formed to have fibril-like shape, and 
alternately laminated one upon the other in directions 
parallel and perpendicular to the main surface of. the 

25 light scattering film 1 -3. Incidentally, it is possible for the 
light scattering film 1-3 shown in FIG. 7B to be equal in 
construction to the film 1-1 shown in FIG. 1 B, as far as 
the fibril-like cross section of each of the transparent 
regions 2 and 3 extend in a direction perpendicular to 

30 the main surface of the film. 

[0081] The optical characteristics of the light scatter- 
ing film 1-3 will now be described. Suppose the upper 
surface of the light scattering film 1-3 is irradiated with 
light 4 in a direction parallel to the long axis of the fibril- 

35 like cross section of the transparent regions 2 and 3, as 
shown in FIG. 7B. In this case, if the length in a direction 
of the short axis of the fibril-like cross section of the 
transparent regions 2 and 3 is sufficiently small, the inci- 
dent light 4 brings about diffraction so as to be diffused. 

40 On the other hand, where the incident light 5 is obliquely 
incident on the surface of the film 1 -3 relative to the long 
axis of the fibril-like cross section of the transparent 
regions 2 and 3, the incident light 5 is scarcely diffused 
so as to be transmitted through the film 1 -3, as shown in 

45 FIG. 7B. In short, the light scattering film 1-3 according 
to the third embodiment of the present invention exhibit 
the light scattering properties dependent on the incident 
angle of the incident light. 

[0082] Like the light scattering films 1-1 and 1-2 
so described previously, the light scattering film 1 -3 of the 
third embodiment also permits anisotropically diffusing 
the incident light. In the light scattering film 1 -3 shown in 
FIG. 7A, the transparent regions 2 and 3 extend along 
the long side of the film 1-3, as already described, with 
55 the result that light is scattered more greatly in the direc- 
tion of the short side than in the direction of the long 
side of the film 1-3. 

[0083] The light scattering film 1-3 can be manufac- 
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tured by the method similar to that described previously 
in conjunction with FIGS. 5 and 6, except that the angle 
a is set at 0°. 

[0084] A fourth embodiment of the present invention 
will now be described. In the fourth embodiment of the 
present invention, the light scattering films 1-1 or 1-2 
described previously in conjunction with the first or sec- 
ond embodiment of the present invention are laminated 
one upon the other to form a laminate structure. 
[0085] Specifically, FIG. 8 A is a plan view schemati- 
cally showing a light scattering film 1-4 according to the 
fourth embodiment of the present invention. On the 
other hand, FIG. 8B is a cross sectional view along the 
line 8B-8B shown in FIG. 8A. As apparent from FIGS. 
8A and 8B, the light scattering film 1-4 according to the 
fourth embodiment of the present invention is a lami- 
nate film prepared by laminating two light scattering 
films 1-1 of the first embodiment one upon the other. 
Each of these two light scattering films 1-1 is oblong, 
and these films 1-1 are laminated one upon the other 
such that the long sides of these films cross each other, 
as shown in FIG. 8A. Also, the light scattering film 1-4 
consists of transparent regions 2 and 3, as shown in 
FIGS. 8A and 8B. 

[0086] The transparent region 2 differs from the trans- 
parent region 3 in refractive index range. Also, in each of 
the component films 1-1, the exposed portions of the 
transparent regions 2 and 3 are irregularly elongated 
along the long side of the light scattering film 1-1. Each 
of these transparent regions 2 and 3 has a fibril-like 
cross section, as shown in FIG. 8B. Further, the lower 
film 1-1 and the upper film 1-1 differ from each other in 
the direction of inclination of the fibril-like cross section 
of each of the transparent regions 2 and 3, as shown in 
FIG. 8B. 

[0087] Because of the above-noted particular con- 
struction of the light scattering film 1-4, an incident light 
4-1 is diffused in the upper film, with an incident light 4- 
2 being diffused in the lower film. It follows that the multi- 
layer structure shown in FIGS. 8A and 8B makes it pos- 
sible to widen a range of incident angles within which 
the light can be scattered, compared with the light scat- 
tering film 1-1 of a single layer structure. Incidentally, the 
angle of inclination of the fibril-like cross sections of the 
transparent regions 2 and 3 included in the upper film 
may be equal to or differ from that in the lower film. 
rnQAA] Ac shown in FIG. 8A, the two light scattering 
films 1-1 are laminated one upon the other such that the 
long sides of these two films cross each other at an 
angle 9. Also, the exposed portions of the transparent 
regions 2 and 3 are elongated along the long side of the 
film 1-1. It follows that the light scattering film 1-4 
according to the fourth embodiment of the present 
invention makes it possible to control the degree of ani- 
sotropy relating to the light scattering by setting the 
angle <p appropriately. 

[0089] It may be desirable for the angle <p to be at least 
10°. If the angle <p is smaller than 10°, the laminate 



structure may fail to produce its effect sufficiently. Also, 
the angle q> should desirably be 90° or less. If the angle 
cp exceeds 90°, the light tends to be scattered isotropi- 
cally. 

5 [0090] The light scattering film 1-4 shown in FIGS. 8A 
and 8B consists of two light scattering films 1-1 which 
are laminated one upon the other. However, more than 
two light scattering films 1-1 may be laminated one 
upon the other to prepare the light scattering film of a 

10 laminate structure. Further, a plurality of the light scat- 
tering films 1-2 shown in FIGS. 2A and 2B may be lam- 
inated one upon the other to prepare a light scattering 
film of a laminate structure. 

[0091 ] A fifth embodiment of the present invention will 

75 now be described. In the fifth embodiment, the light 
scattering films 1-1 or 1-2 are laminated one upon the 
other like the film 1-4 of che fourth embodiment. 
[0092] Specifically, FIG. 9A is a plan view schemati- 
cally showing a light scattering film according to the fifth 

20 embodiment of the present invention, and FIG. 9B is a 
cross sectional view along the line 9B-9B shown in FIG. 
9A. As apparent from FIGS. 9A and 9B, the light scatter- 
ing film 1-5 according to the fifth embodiment of the 
present invention is a laminate film prepared by laminat- 

25 ing two light scattering films 1-1 of the first embodiment 
one upon the other. Each of these two light scattering 
films 1-1 is oblong, and these films 1-1 are laminated 
one upon the other such that the long sides of these 
films are parallel to each other, as shown in FIG. 9A. 

30 Also, the light scattering film 1-5 consists of transparent 
regions 2 and 3, as shown in FIGS. 9A and 9B. 
[0093] The transparent region 2 differs from the trans- 
parent region 3 in refractive index range. Also, in each of 
the component films 1-1, the exposed portions of the 

35 transparent regions 2 and 3 are irregularly elongated 
along the long side of the light scattering film 1 -1 . Each 
of these transparent regions 2 and 3 has a fibril-like 
cross section, as shown in FIG. 9B. Further, the lower 
film 1-1 and the upper film 1-1 slightly differ from each 

40 other in the direction of inclination of the fibril-like cross 
section of each of the transparent regions 2 and 3, as 
shown in FIG. 9B. 

[0094] Because of the particular construction, incident 
lights 5-1 and 5-2 are scarcely diffused so as to be 

45 transmitted through the light scattering film 1 -5. How- 
ever, the incident light 4-1 is diffused in the upper layer, 
and the incident Sight 4-2 is diffused in the lower layer. It 
follows that the laminate structure as shown in FIGS. 9A 
and 9B makes it possible to widen a range of incident 

50 angles within which the incident light is scattered, com- 
pared with the light scattering film 1-1 of a single layer 
structure. 

[0095] The light scattering film 1-5 shown in FIGS. 9A 
and 9B differs from the light scattering film 1 -4 shown in 
55 FIGS. 8A and 8B in that the two light scattering films 1 - 
1 are laminated one upon the other such that the long 
sides of these two films 1-1 are parallel to each other. 
Also, the exposed portions of the transparent regions 2 
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and 3 are elongated along the long side of the film 1 -1. 
It follows that the light scattering film 1 -5 makes it possi- 
ble to widen a range of incident angles within which the 
incident light can be scattered without adversely affect- 
ing the anisotropy of the light scattering. 
[0096] In the light scattering film 1 -5 according to the 
fifth embodiment of the present invention, it is desirable 
for the upper and lower films 1 -1 to have a difference of 
10° or more in the angle of inclination of the fibril-like 
cross section of the transparent regions. If the differ- 
ence in the angle of inclination is less than 10°, the lam- 
inate structure fails to produce its effect sufficiently. 
[0097] The light scattering film 1-5 shown in FIGS. 9A 
and 9B consists of two light scattering films 1-1 which 
are laminated one upon the other. However, more than 
two iight scattering films 1-1 may be laminated one 
upon the other to prepare the light scattering film of a 
laminate structure. Further, a plurality of the light scat- 
tering films 1 -2 shown in FIGS. 2A and 2B may be lam- 
inated one upon the other to prepare a light scattering 
film of a laminate structure. 

[0098] Each of the light scattering films 1-1 to 1-5 
according to the first to fifth embodiments of the present 
invention can be used in. for example, a liquid crystal 
display device. Each of sixth to eighth embodiments 
which are to be described is directed to a liquid crystal 
display device using the light scattering film of the 
present invention. 

[0099] The sixth embodiment of the present invention 
will now be described. Specifically, FIG. 10 schemati- 
cally shows a liquid crystal display device 50-1 accord- 
ing to the sixth embodiment of the present invention. As 
shown in the drawing, the liquid crystal display device 
50-1 is a reflection type liquid crystal display device, and 
comprises a reflecting plate 52 arranged on one main 
surface of a liquid crystal cell 51-1 and the light scatter- 
ing film 1-1 arranged on the other main surface of the 
liquid crystal cell 51-1. Incidentally, FIG. 10 is a side 
view of the liquid crystal display device 50-1. A user is 
positioned on the left side in the drawing. Also, the 
oblique lines of the light scattering film 1-1 represent the 
long axes of the f bril-like cross sections of the transpar- 
ent regions 2 and 3 shown in FIG. 1B. In this embodi- 
ment, the liquid crystal cell 51-1 and the reflecting plate 
52 collectively constitute a liquid crystal panel 53. 
[0100] The liquid crystal cell 51-1 shown in FIG. 10 
comprises a pair of transparent substrates arranged to 
face each other, transparent electrodes mounted to the 
mutually facing surfaces of these transparent sub- 
strates, and a liquid crystal layer sandwiched between 
these transparent substrates. Glass substrates, etc. can 
be used as the transparent substrates. Also, an ITO 
layer, etc. can be used as the transparent electrode. 
[0101] The reflecting plate 52 may be either of a spec- 
ular reflection type or of a scattering type. The display 
mode of the liquid crystal cell 51 -1 is not particularly lim- 
ited. Specifically, the display mode may be any of the TN 
mode, STN mode, guest-host type, polymer dispersion 



type, etc. Also, a polarization plate, a phase difference 
plate or other optical films may be mounted, as desired, 
to the liquid crystal cell 51-1 . 

[01 02] It is possible for the liquid crystal display panel 

s 53 to be a monochromatic display panel or a color dis- 
play panel equipped with color filters, etc. Also, in the 
liquid crystal display device 50-1 shown in FIG. 10, the 
liquid crystal display panel 53 consists of the liquid crys- 
tal cell 51-1 and the reflecting plate 52. However, the 

10 panel 53 may be of another construction. 

[0103] For example, where a reflective electrode such 
as an aluminum electrode is substituted for the trans- 
parent electrode mounted on the transparent substrate 
on the opposite side of the user, the liquid crystal panel 

is 53 can be formed of the liquid crystal cell 51-1 alone. In 
this case, the reflective electrode also acts as a reflect- 
ing plate, making it unnecessary to use the reflecting 
plate 52. Also, in this case, a substrate that does not 
transmit light can be substituted for the transparent sub- , 

20 strate on the opposite side of the user. 

[0104] As described above, the liquid crystal panel 53 
used in this embodiment is equal in construction to the 
liquid crystal panel used generally in a reflection type 
liquid crystal display device. To be more specific, the liq- 

25 uid crystal display device 50-1 according to the sixth 
embodiment of the present invention differs from the 
conventional reflecting type liquid crystal display device 
in that the device 50-1 comprises the light scattering film 
1-1. 

30 [0105] The method of manufacturing the liquid crystal 
display device 50-1 will now be described. It should be 
noted that, if voltage is applied between the transparent 
electrodes of the liquid crystal cell 51-1, the optical 
characteristics of the liquid crystal layer, e.g., the light 

35 transmittance, are changed. According to the liquid 
crystal cell 50-1 , the light from a light source such as the 
sun or the external illumination is modulated by the liq- 
uid crystal cell 51-1 so as to achieve a desired display. 
[0106] In the liquid crystal display device 50-1 of this 

40 embodiment, the light scattering film 1-1 is arranged on 
the side of the user. Therefore, the light emitted from the 
light source such as the sun or an external illumination 
passes twice through the light scattering film 1-1, i.e., 
when the light is incident on the liquid crystal cell 51-1 

45 and when the light emerges from the liquid crystal cell 
51-1. 

[0107] As described above, the reflection type liquid 
crystal display device utilizes the sun light and an exter- 
nal illumination as the light source. In general, these 
so light sources are positioned above the height of the eye 
of the user. Therefore, the liquid crystal display device 
50-1 utilizes the light 55 shown in, for example, FIG. 10 
for the display. 

[0108] In the liquid crystal display device 50-1, the 
55 light scattering film 1-1 is arranged such that the long 
axis of the fibril-like cross section of each of the trans- 
parent regions 2 and 3 shown in FIG. 1 B is substantially 
parallel to the optical axis of the incident light 55, with 
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the result that the light 55 incident on the light scattering 
film 1-1 is diffused to form a diffused light 56, as shown 
in FIG. 10. The diffused light 56 is transmitted through 
the liquid crystal cell 51-1 and, then, reflected from the 
reflecting plate 52 to form a reflected light 56. The light 
56 reflected from the reflecting plate 52 is transmitted 
again through the liquid crystal cell 51-1 so as to reach 
the light scattering film 1-1. 

[01 09] As described previously with reference to FIG. 
1 B, the light 4 incident on the light scattering film 1 -1 of 
the first embodiment of the present invention in a direc- 
tion parallel to the long axis of the fibril-like cross section 
of each of the transparent regions 2 and 3 is scattered. 
On the other hand, the light 5 incident on the light scat- 
tering film 1-1 in a direction parallel to the short axis of 
the fibril-like cross section of each of these transparent 
regions 2 and 3 is transmitted through the light scatter- 
ing film 1-1 without being scattered. It follows that the 
light 56 reflected from the reflecting plate 52 is transmit- 
ted through the light scattering film 1-1 without being 
scattered. 

[01 1 0] As described above, in the reflection type liquid 
crystal display device 50-1 of this embodiment, the light 
incident on the liquid crystal cell 51-1 is scattered, and 
the light emerging from the liquid crystal ceil 51-1 is 
scarcely scattered. In other words, the liquid crystal dis- 
play device 50-1 makes it possible to prevent an unde- 
sired light from being scattered, with the result that the 
liquid crystal display device 50-1 permits displaying a 
clear image. 

[01 1 1 ] It should also be noted that the light scattering 
film 1-1 used in the liquid crystal display device 50-1 
permits diffusing the incident light mainly in a direction 
of the short side (vertical side in the drawing) of the film 
1-1, as already described with reference to FIGS. 4A 
and 4B. It follows that the liquid crystal display device 
50-1 shown in FIG. 10 has a wider viewing angle in the 
vertical direction than in the horizontal direction. 
[0112] As described above, the liquid crystal display 
device 50-1 permits selectively widening the viewing 
angle in a desired direction. It follows that the liquid 
crystal display device 50-1 makes it possible to achieve 
a bright display, compared with the conventional liquid 
crystal display device using a film that diffuses the light 
isotropically. What should be noted that the liquid crystal 
display device 50-1 of this embodiment permits obtain- 
ing a wide viewing angle and a sufficiently bright display 
simultaneously. 

[0113] Incidentally, the light scattering film 1-1 and the 
reflecting plate 52 are depicted apart from the liquid 
crystal cell 51-1 in FIG. 10. However, these film 1-1 and 
reflecting plate 52 are arranged in contact with the liquid 
crystal cell 51-1 . 

[0114] In the liquid crystal display device 50-1 shown 
in FIG. 10, the light scattering film 1-1 is designed to 
scatter the incident light 55. However, it is also possible 
to design the film 1 -1 to scatter the light incident in other 
directions. Also, in the liquid crystal display device 50-1 



shown in FIG. 10, the light scattering film 1-1 is 
designed to scatter the incident light 55 in a vertical 
direction in the drawing. However, the film 1-1 may also 
be designed to scatter the incident light mainly in a lat- 

5 eral direction. The relative positions of the light source 
and the liquid crystal display device 50-1 are dependent 
on the manner of use of the display device 50-1 . The rel- 
ative positions of the liquid crystal display device 50-1 
and the user are also dependent on the manner of use 

70 of the display device 50-1 . It follows that it is desirable to 
use the light scattering film 1-1 designed to be adapted 
for the manner of use of the liquid crystal display device. 
[01 1 5] The light scattering film 1 -1 is used in the liquid 
crystal display device shown in FIG. 10. However, it is 

is also possible to use any of the light scattering films 
described previously in conjunction with the second, 
third, fourth and fifth embodiments of the present inven- 
tion in place of the light scattering film 1 -1 . 
[01 16] A seventh embodiment of the present invention 

20 will now be described. In the sixth embodiment 
described above, the light scattering film 1-1 is applied 
to a reflection type liquid crystal display device. In the 
seventh embodiment, however, the light scattering film 

1 -3 is applied to a transmitting type liquid crystal display 
25 device. 

[0117] To be more specific, FIG. 11 is a side view 
schematically showing a liquid crystal display device 50- 

2 according to the seventh embodiment of the present 
invention. The liquid crystal display device 50-2 is of 

30 transmitting type. A user is positioned on the left side in 
the drawing. As shown in the drawing, the light scatter- 
ing film 1-3 and a light source 57 are arranged in the 
order mentioned on the opposite side of a liquid crystal 
cell 51-2 relative to the user. In other words, these light 

35 scattering film 1-3 and light source 57 are positioned on 
the right side of the liquid crystal cell 51-2 in the draw- 
ing. The lateral lines within the light scattering film 1-3 
represent the long axes of the fibril-like cross sections of 
the transparent regions 2 and 3 shown in FIG. 7B. Also, 

40 the liquid crystal cell 51-2 constitutes a liquid crystal 
panel in the liquid crystal display device 50-2 shown in 
FIG. 11. 

[0118] The liquid crystal cell 51-2 shown in FIG. 11 
comprises a pair of transparent substrates arranged to 

45 face each other, transparent electrodes formed on the 
mutually facing surfaces of these transparent sub- 
strates, and a liquid crystal layer sandwiched between 
these transparent substrates. Glass plates or the like 
can be used as the transparent substrates. On the other 

so hand, an ITO layer or the like can be used as the trans- 
parent electrode. 

[0119] The display mode of the liquid crystal cell 51-2 
is not particularly limited. The display mode may be any 
of the TN mode, STN mode, guest-host type, polymer 
55 dispersion type, etc. Also, a polarization plate, a phase 
difference plate, or other optical films may be formed, as 
desired, in the liquid crystal cell 51-2. Further, the liquid 
crystal cell 51-2 may be either a monochromatic display 
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panel or a color display panel equipped with a color filter 
layer, etc. 

[0120] The liquid crystal cell 51-2 used in this embod- 
iment is similar in construction to the liquid crystal cell 
used in general in a transmitting type liquid crystal dis- 
play device. Specifically, the liquid crystal display device 

50- 2 in this embodiment differs from the conventional 
transmitting type liquid crystal display device in that the 
device 50-2 comprises the light scattering film 1 -3. 

[01 21 ] The display function of the liquid crystal display 
device 50-2 will now be described. Specifically, if a volt- 
age is applied between the transparent electrodes of 
the liquid crystal cell 51-2, the optical characteristics, 
e.g., light transmittance, of the liquid crystal layer is var- 
ied. According to the liquid crystal display device 50-2, 
the light emitted from the light source 57 called back 
light is modulated by the liquid crystal cell 51-2 so as to 
perform display. 

[0122] In the liquid crystal display device 50-2 of the 
embodiment, the light scattering film 1-3 is arranged 
between the liquid crystal cell 51 -2 and the back light 
57, with the result that the light emitted from the back 
light 57 is transmitted through the light scattering film 1- 
3 only when the light is incident on the liquid crystal cell 

51- 2. 

[0123] As already described in conjunction with the 
third embodiment, the light scattering film 1-3 scatters 
the light incident on the film 1 -3 in a direction normal to 
the main surface of the film 1-3. Also, the range of the 
incident angle within which the incident light can be 
scattered can be controlled by controlling the shape, 
etc. of the transparent regions 2 and 3. It follows that, 
among the light emitted from the back light 57, the light 
58 having a small incident angle can be scattered with- 
out scattering the light 59 having a large incident angle, 
as shown in FIG. 11. 

[0124] In general, the light 59 having a large incident 
angle is not transmitted through the light scattering film 
1-3 but is subjected to total reflection. The light 59 sub- 
jected to total reflection is repeatedly scattered and 
reflected within the back light 57, with the result that 
almost all the light 59 reaches again the light scattering 
film 1-3. In other words, almost all the light emitted from 
the back light 57 is utilized for the display in the liquid 
crystal display device 50-2. Therefore, since loss of light 
is suppressed, a bright display can be obtained in the 
liquid crystal display device 50-2. 
[0125] In the light scattering film 1-3 shown in FIG. 11, 
it is desirable for the range of incident angles within 
which the incident light can be scattered to be equal to 
the optimum range of modulation performed in the liquid 
crystal cell 51-2, i.e., the range between about -30° and 
about +30°. Where the film 1-3 meets this condition, a 
high display contrast can be obtained. 
[0126] In the liquid crystal display device 50-2, the 
light diffusing direction can be controlled by the method 
similar to that described previously in conjunction with 
the sixth embodiment. It follows that the liquid crystal 



display device 50-2 of the seventh embodiment also 
permits obtaining a wide viewing angle and a sufficiently 
bright display simultaneously. 

[01 27] The liquid crystal cell 51 -2 and the light scatter- 
s ing film 1-3 are depicted apart from each other in FIG. 
11. However, these liquid crystal cell 51-2 and light scat- 
tering film 1-3 are arranged in general in contact with 
each other. 

[01 28] An eighth embodiment of the present invention 
io will now be described. In the eighth embodiment, the 
light scattering film 1-3 is applied to a transmitting type 
liquid crystal display device, as in the seventh embodi- 
ment However, the position of the light scattering film 1 - 
3 in the liquid crystal display device of the eighth 
75 embodiment differs from that in the seventh embodi- 
ment. 

[0129] To be more specific, FIG. 12 is a side view 
schematically showing a liquid crystal display device 50- 
3 according to the eighth embodiment of the present 

20 invention. The liquid crystal display device 50-3 is of a 
transmitting type. A user is positioned on the left side in 
the drawing. As shown in the drawing, the light scatter- 
ing film 1 -3 is positioned on the side of the user relative 
to the liquid crystal cell 51-2, and the light source 57 is 

25 positioned on the opposite side of the user relative to 
the liquid crystal cell 51-2 in the liquid crystal display 
device 50-3. Incidentally, the liquid crystal cell 51-2 
shown in FIG. 12 constitutes a liquid crystal panel. Also, 
the lateral lines within the light scattering film 1-3 denote 

30 the long axes of the fibril-like cross sections of the trans- 
parent regions 2 and 3 shown in FIG. 7B. 
[0130] In the liquid crystal display device 50-3 of this 
embodiment, the light scattering film 1-3 is arranged on 
the side of the user relative to the liquid crystal cell 51 - 

35 2. It follows that the light emitted from the back light 57 
is transmitted through the light scattering film 1-3 only 
when the emitted light emerges from the liquid crystal 
cell 51-2. 

[01 31 ] Among the light incident on the light scattering 
40 film 1-3, the light 60 alone, which has a small incident 
angle on the film 1-3, is scattered. As described previ- 
ously, the range of incident angles adapted for the mod- 
ulation within the liquid crystal cell 51-2 is between -30° 
and +30°. Since the light scattering film 1-3 permits 
45 selectively diffusing the light 60 whose incident angle 
falls within the range noted above, the liquid crystal dis- 
play device 50-3 of this embodiment permits achieving a 
high display contrast. 

[0132] On the other hand, the light 61 having a large 
so incident angle on the light scattering film 1 -3 is transmit- 
ted without being scattered. Also, the light 61 is not suf- 
ficiently modulated within the liquid crystal cell 51-2. It 
follows that an image having a low contrast, which is 
formed by the light 61 having a large incident angle on 
55 the film 1 -3, is not perceived by the user. 

[01 33] It should be noted that the viewing angle of the 
liquid crystal display device 1-3 is dependent on the dif- 
fusing direction of the light 60. Also, the diffusing direc- 
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tion of the light 60 can be controlled, as described 
previously. It follows that the liquid crystal display device 
50-3 makes it possible to obtain a wide viewing angle 
and a high display contrast simultaneously Incidentally 
the liquid crystal cell 51-2 and the light scattering film 1- 
3 are depicted apart from each other in FIG. 12. How- 
ever, these liquid crystal cell and light scattering film are 
generally arranged in contact with each other. 
[01 34] As described above, the light scattering film of 
the present invention comprises a plurality of first trans- 
parent regions each having a fibril-like cross section 
and a plurality of second transparent region interposed 
between adjacent first transparent regions. The first and 
second transparent regions differ from each other in 
refractive index range. It follows that, where the fibril-like 
cross section of each of the first transparent regions has 
a width large enough to diffuse the light incident in a 
direction parallel to the long axis of the fibril-like cross 
section, the light incident on the light scattering film in a 
direction parallel to the long axis of the fibril-like cross 
section of the first transparent region is scattered, and 
the light incident in a direction parallel to the short axis 
of the fibril-like cross section is transmitted without 
being scattered. In other words, the light scattering film 
of the present invention exhibits light scattering charac- 
teristics dependent on the incident direction of the light. 
[0135] It follows that, where the light scattering film of 
the present invention is used in a reflection type liquid 
crystal display device, it is possible to obtain a clear dis- 
play. Also, where the particular light scattering film is 
used in a transmitting type liquid crystal display device, 
it is possible to obtain a high display contrast. Further, 
where the particular light scattering film is used in a 
transmitting type liquid crystal display device, it is possi- 
ble to obtain a clear display or a bright display 
[0136] It should also be noted that, in the present 
invention, it is possible to impart anisotropy to the light 
scattering direction by allowing those regions of the first 
and second transparent regions which are exposed to 
the main surface of the film to be elongated in substan- 
tially one direction. In other words, since the light diffus- 
ing direction of the light scattering film can be 
controlled, it is possible to obtain a wide viewing angle 
and a sufficiently bright display simultaneously by using 
the light scattering film of the present invention in a liq- 
uid crystal display device. Further, unlike the hologram, 
the light scattering film of the present invention does not 
split light, and there is not color dispersion to produce 
spectral distribution, with the result that the color of the 
displayed image is not changed in accordance with 
movement of the viewing point. 

[0137] To reiterate, the present invention provides a 
light scattering film that enables a liquid crystal display 
device to display a clear image and a liquid crystal dis- 
play device using the particular light scattering film. The 
present invention also provide a light scattering film that 
enables a liquid crystal display device to achieve a wide 
viewing angle and a bright display and a liquid crystal 



display device using the particular light scattering film. 
Further, the present invention provides a light scattering 
film that enables a liquid crystal display device to pre- 
vent the displayed color from being varied depending on 

5 the movement of the viewing point and a liquid crystal 
display device using the particular light scattering film. 
[0138] The present invention provides a light scatter- 
ing film (1-1, 1-2, 1-3), including a plurality of first trans- 
parent regions (2) each having a fibril-like cross section, 

10 and a plurality of second transparent regions (3) differ- 
ing in refractive index range from the first transparent 
region (2), wherein each of the first transparent regions 

(2) is positioned to permit the long axis of the fibril-like 
cross section to cross one main surface of the film (1-1 , 

is 1-2, 1-3) and to permit each of the fibril-like cross sec- 
tions of the first transparent regions (2) to be sand- 
wiched between adjacent second transparent regions 

(3) in a direction of the short axis of the fibril-like cross 
section. The present invention also provides a liquid 

20 crystal display device (50-1, 50-2, 50-3), having a liquid 
crystal panel (53, 51-2) and a light scattering film (1-1, 
1-3) formed on one main surface of the liquid crystal 
panel (53, 51-2). 

25 Claims 

1. A light scattering film (1-1. 1-2, 1-3), characterized 
by comprising: 

30 a plurality of first transparent regions (2) each 

having a fibril-like cross section; and 
a plurality of second transparent regions (3) dif- 
fering in refractive index range from said first 
transparent region (2); 

35 wherein each of said first transparent regions 

(2) is positioned to permit the long axis of the 
fibril-like cross section to cross one main sur- 
face of said film (1-1, 1-2, 1-3) and to permit 
each of the fibril-like cross sections of the first 

40 transparent regions (2) to be sandwiched 

between adjacent second transparent regions 

(3) in a direction of the short axis of the fibril- 
like cross section. 

45 2. The light scattering film (1-1, 1-2, 1-3) according to 
claim 1, characterized in that each of said second 
transparent regions (3) has a fibril-like cross sec- 
tion, and the long axis of each of the fibril-like cross 
sections of the first transparent regions (2) is sub- 
so stantially parallel to the long axis of each of the 
fibril-like cross sections of the second transparent 
regions (3). 

3. The light scattering film (1-1 , 1 -2, 1 -3) according to 
55 claim 2, characterized in that the fibril-like cross 
section of each of the first and second transparent 
regions (2, 3) has a width narrow enough to diffuse 
the light (4) incident in a direction parallel to said 
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long axis. 

4. The light scattering film (1-3) according to claim 2, 
characterized in that the long axis of the fibril-like 
cross section of each of the first and second trans- 5 
parent regions (2, 3) is substantially perpendicular 

to one main surface of said film (1-3). 

5. The light scattering film (1-1, 1-2) according to 
claim 2 t characterized in that the long axis of the 10 
fibril-like cross section of each of the first and sec- 
ond transparent regions (2, 3) is inclined relative to 
one main surface of the film (1-1, 1-2). 

6. The light scattering film (1-1) according to claim 2, 15 
characterized in that each of said first and second 
transparent regions (2, 3) extends from one main 
surface of the film (1-1) to reach the other main sur- 
face of the film (1-1). 

20 

7. The light scattering film (1-2, 1-3) according to 
claim 2, characterized in that said first and second 
transparent regions (2, 3) are laminated one upon 
the other at least partially along said long axis. 

25 

8. The light scattering film (1-1, 1-2, 1-3) according to 
claim 2, characterized in that those portions of the 
first and second transparent regions (2, 3) which 
are exposed to one main surface of the film (1-1 , 1- 

2, 1-3) are elongated substantially in one direction. 30 

9. The light scattering film (1-2, 1-3) according to 
claim 2, characterized in that those portions of the 
first and second transparent regions (2, 3) which 
are exposed to one main surface of the film (1-2, 1- 35 
3) are arranged as a speckle pattern. 

10. The light scattering film (1-2, 1-3) according to 
claim 9, characterized in that said first and second 
transparent regions (2, 3) are formed by utilizing a 40 
speckle pattern. 

11. A liquid crystal display device (50-1, 50-2, 50-3), 
characterized by comprising: 

45 

a liquid crystal panel (53, 51 -2); and 

a light scattering film (1-1,1-3) mounted on one 

main surface of said liquid crystal panel (53, 

51-2); 

wherein said light scattering film (1-1, 1-3) so 
includes a plurality of first transparent regions 
each having a fibril-like cross section, and a 
plurality of second transparent regions differing 
in refractive index range from said first trans- 
parent region, and wherein each of said first ss 
transparent regions is positioned to permit the 
long axis of the f ibril-iike cross section to cross 
one main surface of said film and to permit 



each of the fibril-like cross sections of the first 
transparent regions to be sandwiched between 
adjacent second transparent regions in a direc- 
tion of the short axis of said fibril-like cross sec- 
tion. 

12. The liquid crystal display device (50-1) according to 
claim 11, characterized in that said liquid crystal 
panel (53) is of reflection type and reflects the light 
(55) incident on said one main surface of the liquid 
crystal panel (53). 

13. The liquid crystal display device (50-1) according to 
claim 12, characterized in that the long axes of the 
fibril-like cross sections of said first transparent 
regions are parallel to each other, said second 
transparent regions have fibril-like cross sections, 
the long axis of each of the fibril-like cross sections 
of the first transparent regions is substantially paral- 
lel to the long axis of each of the fibril-like cross sec- 
tions of the second transparent regions, and the 
long axis of the fibril-like cross section of each of 
the first and second transparent regions is inclined 
relative to said one main surface of the liquid crystal 
display panel (53). 

14. The liquid crystal display device (50-2) according to 
claim 11, characterized in that said liquid crystal 
panel (51-2) is of transmitting type and said liquid 
crystal display device (50-2) further comprises a 
light source (57) arranged on the side of said one 
main surface of the liquid crystal panel (51-2). 

15. The liquid crystal display device (50-2) according to 
claim 14, characterized in that the long axes of the 
fibril-like cross sections of said first transparent 
regions are parallel to each other, said second 
transparent regions have fibril -like cross sections, 
the long axis of each of the fibril-like cross sections 
of the first transparent regions is substantially paral- 
lel to the long axis of each of the fibril-like cross sec- 
tions of the second transparent regions, and the 
long axis of the fibril-like cross section of each of 
the first and second transparent regions is substan- 
tially perpendicular to said one main surface of the 
liquid crystal display panel (51-2). 

16. The liquid crystal display device (50-3) according to 
claim 1 1 , characterized in that said liquid crystal 
panel (51-2) is of transmitting type and said liquid 
crystal display device (50-3) further comprises a 
light source (57) arranged on the side of the other 
main surface of the liquid crystal panel (51-2). 

17. The liquid crystal display device according to claim 
16, characterized in that the long axes of the fibril- 
like cross sections of said first transparent regions 
are parallel to each other, said second transparent 
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regions have fibril-like cross sections, the long axis 
of each of the fibril-like cross sections of the first 
transparent regions is substantially parallel to the 
long axis of each of the fibril-like cross sections of 
the second transparent regions, and the long axis 5 
of the fibril-like cross section of each of the first and 
second transparent regions is substantially perpen- 
dicular to said one main surface of the liquid crystal 
display panel (51-2). 
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(54) Light scattering film and liquid crystal display device 



(57) The present invention provides a light scatter- 
ing film (1-1,1-2, 1-3), including a plurality of first trans- 
parent regions (2) each having a fibril-like cross section, 
and a plurality of second transparent regions (3) differ- 
ing in refractive index range from the first transparent 
region (2), wherein each of the first transparent regions 
(2) is positioned to permit the long axis of the fibril-like 
cross section to cross one main surface of the film (1-1 , 



1-2, 1-3) and to permit each of the fibril-like cross sec- 
tions of the first transparent regions (2) to be sand- 
wiched between adjacent second transparent regions 
(3) in a direction of the short axis of the fibril-like cross 
section. The present invention also provides a liquid 
crystal display device (50-1 , 50-2, 50-3), having a liquid 
crystal panel (53, 51-2) and a light scattering film (1-1, 
1 -3) formed on one main surface of the liquid crystal 
panel (53, 51-2). 




Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 0 949 515 A3 




2 



EP 0 949 515 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 6890 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


rotation nf document with indication where appropriate, 

lOLIwf 1 Ul wV^* V 1 1 IO 1 1 1 frill I iiimh^uwi i| * ■ w w "F r ™ ' 

of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION <lntd.6> 


X 


US 5 299 275 A (JACKSON TODD A ET AL) 
29 March 1994 (1994-03-29) 

* column 3, line 62 - column 4, line 36; 
figures 1,2 * 

* column 5, line 22 - column 6, line 24; 
figures 5,6 * 


1-4,6,9 


G 02 B 5/02 
G02F1/1335 


X 


EP 0 294 122 A (SCIENT APPLIED RESEARCH 
SAR) 7 December 1988 (1988-12-07) 

* page 1, line 31-57: figures 2,12,13 * 

* page 11, line 18-30 * 

* page 13, line 56 - page 14, line 16 * 

* page 2, line 7-35 * 


I- 6, 

II- 17 




X 


PATENT ABSTRACTS OF JAPAN 

vol . 1997, no. 09, 

30 September 1997 (1997-09-30) 

& JP 09 113904 A (HITACHI LTDjHITACHI 

DEVICE ENG CO LTD), 

2 May 1997 (1997-05-02) 

* abstract; figure 5 * 


I- 5, 

II- 17 








TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 


X 


DE 197 38 327 A (FUJI ELECTRIC CO LTD) 
12 March 1998 (1998-03-12) 
* column 2, line 19 - column 4, line 27; 
figures id ^ 


1-6,8-10 


G02B 

G02F 


X 


US 4 336 978 A (SUZUKI TAKASHI ) 

29 June 1982 (1982-06-29) 

* column 5, line 48 - column 6, line 33; 

figures 1-A4.6, 13,14 * 


1-4,8-10 




X 


US 5 534 386 A (LERNER JEREMY ET AL) 
9 July 1996 (1996-07-09) 

* column 5, line 8 - column 7, line 65; 
figures 5B,9F * 

* column 8, line 25 - column 9, line 28 * 

* column 9, line 45-65; figure 11 A * 

-/-- 


1-4,8-17 




The present search report has been drawn up for all claims 







Place of search 

MUNICH 



Date of completion of tfte seaich 

31 January 2002 



Examiner 

Casse, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken alone 

Y : particularly relevant If combined with another 

document ol the same category 
A : technological background 
O : non -written disclosure 
P ; intermediate documen: 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, cr 

after the fifing da*e 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



3 



EP 0 949 515 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 6890 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



PATENT ABSTRACTS OF JAPAN 

vol. Oil, no. 091 (P-558), 

23 March 1987 (1987-03-23) 

& JP 61 243403 A (NITTO ELECTRIC IND 

LTD), 29 October 1986 (1986-10-29) 

* abstract; figures 1,2 * 

US 5 442 482 A (JOHNSON WILLIAM N H 
AL) 15 August 1995 (1995-08-15) 

* column 10, line 1-62; figure 1 * 



6,7,9 



CO 



ET 



US 5 365 354 A (0ANNSON TOMASZ P ET AL) 
15 November 1994 (1994-11-15) 
* column 10, line 34 - column 12, line 19; 
figures 5,9,13 * 



9,10 



TECHNICAL FIELDS 
SEARCHED (lnt.a.6) 



The present search report has been drawn up for all claims 



Place of search 

MUNICH 



Date of completion of trie search 

31 January 2002 



Ewiintnei 

Casse, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y ; particularly relevant If combined wfth another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying 1he invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited In the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



4 



EP 0 949 515 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 6890 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way liable for these particulars which are merely given for the purpose of information. 

31-01-2002 



Patent document 
cited In search report 



Publication 
date 



Patent family 
members ) 



Publication 
date 



us 


5299275 


A 


29- 


-03- 


-1994 


NONE 








EP 


0294122 


A 


07- 


-12- 


-1988 


AT 


85137 


T 


15-02-1993 














AU 


629170 


B2 


01-10-1992 














Al 1 

AU 


1 Q m 1QQ 

loUl loo 


A 
A 


u*j— ui— iyoy 














D D 

BR 


QOH7C1Q 


A 


97 no 1 QOA 

^ /— uj— iyyu 














CA 


1331299 


Al 


09-08-1994 














CN 


1031609 


A 


08-03-1989 














nr 
Ut 


10770'PO 




i i— uj— iyyj 














DE 


387/829 


TO 
f C 


on no i ftno 

^y— r J/-iyy3 














DK 


605689 


A 


30-11-1989 














EP 


0294122 


Al 


07-12-1988 














Lb 


onoo. aoo 


TO 
1 5 


u i— iu— iyyj 














t.in 
WO 




A 1 

Al 


i:>— i^— lyso 














r d 


90n£G70 


A 

A 


io— ui— lyoy 














t r 
It 


DlOOO 


D 

ts 


lo— i j.-iyy'i 














Jr 






c.o~~ u /— iyyy 














Jr 


OCA/ C^Q 


T 
















KR 


9709135 


Bl 


05-06-1997 














PT 


87627 


A ,B 


31-05-1989 














TR 


23705 


A 


29-06-1990 


IP 


Uy 1 ljyU't 


A 
M 






■1 QQ7 


WONF 








nr 




A 
M 








.IP 
u r 




B? 

U C 


15-05-2000 














JP 


10083135 


A 


31-03-1998 














DE 


19738327 


Al 


12-03-1998 


us 


4336978 


A 


29- 


-06- 


■1982 


JP 


55088002 


A 


03-07-1980 














JP 


55089806 


A 


07-07-1980 














DE 


2951207 


Al 


10-07-1980 


us 


5534386 


A 


09- 


■07- 


1996 


US 


5956106 


A 


21-09-1999 














AU 


6812994 


A 


28-02-1995 














CA 


2168107 


Al 


09-02-1995 














EP 


0714348 


Al 


05-06-1996 














JP 


8512003 


T 


17-12-1996 














JP 


2001100621 


A 

rt 


13-04-2001 














WO 


9503935 


Al 


09-02-1995 


JP 


61243403 


A 


29- 


■10- 


1986 


NONE 








us 


5442482 


A 


15- 


-08- 


1995 


AT 


155897 


T 


15-08-1997 














AU 


7881291 


A 


10-12-1991 














DE 


69126975 


Dl 


28-08-1997 














DE 


69126975 


T2 


27-11-1997 



& For more details about this annex :see Official Journal of the European Patent Office, No. 12/82 



5 



EP 0 949 515 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 6890 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of Information. 

31-01-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5442482 



EP 0530269 Al 

W0 9118304 A2 

JP 5509416 T 



10-03-1993 
28-11-1991 
22-12-1993 



US 5365354 



15-11-1994 



EP 0479490 A2 

JP 4299303 A 

JP 2001021721 A 



08-04-1992 
22-10-1992 
26-01-2001 



& For more details about this annex :see Official Journal of the European Patent Office, No. 12/B2 



6 



